Triazolidinediones react with each enantiomeric bornanesultam derivative of tiglic acid to produce the appropriate ene adduct in high yield and with excellent regioselectivity and diastereoselectivity 
Comment
The ene reaction of a triazolidinedione (TAD), singlet oxygen ( 1 O 2 ) and nitrosoarene with alkenes bearing allylic H atoms has attracted much attention from both the synthetic and the mechanistic points of view, and has recently been reviewed (Vougioukalakis & Orfanopoulos, 2005; Adam & Krebs, 2003) . Isotope effect studies suggest that the reaction proceeds in steps through three-membered-ring intermediates, namely a perepoxide, a diaziridinium imide and an aziridine N-oxide . The proposal, based on computational results, that there is a biradical intermediate (Singleton & Hang, 1999) has subsequently been challenged by stereochemical and stereoisotopic studies (Stratakis et al., 2001; Vassilikogiannakis et al., 2000) .
Stereoselective ene reactions employing chiral auxiliaries have been also reported. Asymmetric ene reactions of singlet oxygen, N-phenyltriazolidinedione and nitrosoarene with tigloyl amides bearing the (1S,2R)-antipode of bornane-10,2-sultam as the chiral auxiliary exhibited high chemical yields and excellent diastereoselectivities (Adam et al., 1998) . The con®gurational assignment of the newly formed stereogenic centers in the major products was made by chemical correlation of their structures with those of known compounds, after removal of the chiral auxiliary moiety. The enantiomerically pure acrylic acid derivatives thus obtained are attractive compounds in the synthesis of -methylene--amino acids; these substances and, more especially, the peptides derived from them are of biological and pharmaceutical interest.
We have been involved in the development of such stereoselective ene reactions for some time and now communicate our results. These include the X-ray structures of (IIa) and (IIb), the enantiomeric ene adducts of N-methyltriazolidinedione, MeTAD, obtained from its reaction with the two chiral tigloyl amides (Ia) and (Ib), each of which bears an antipode of bornanesultam. The reactions between (I) and PhTAD are analogous to those shown in the ®rst scheme below.
The structures of the two MeTAD adducts (Fig. 1) establish that the stereochemical outcome of the reaction is consistent with the proposed %-facially diastereoselective enophilic attack of MeTAD on the tiglic acid derivative (I) (Adam, Degen et al., 2002) . Thus, starting with the chiral tiglate (Ia) as the alkene, the major ene product (IIa), obtained by column chromatography and subsequent crystallization, was found to have a newly formed stereogenic centre with an R con®g-uration, whereas the ene product (IIb) from the (Ib) tiglate amide had an S con®guration at the new stereogenic centre. Adam, Degen et al. (2002) have argued that electrostatic repulsion between the sulfonyl and carbonyl groups, and steric interaction between the bornane skeleton and the alkene substituents, give (I), the well de®ned s-trans conformation shown in the scheme above. Repulsions between the sulfonyl group and the incoming enophile then favour C-re attack on the double bond of the alkene over C-si attack. In addition, the products (II) contain intramolecular N3ÐHÁ Á ÁO2 hydrogen bonds (Fig. 1 , and Tables 1 and 2); this source of thermodynamic stability may not be available to the products of C-si attack, in which the positions of the H and MeTAD substituents at C14 would be interchanged.
The X-ray analyses of (IIa) and (IIb) at 100 K give experimental absolute con®gurations consistent with conservation of con®guration at the stereogenic centres in the starting tiglate amides (Ia) and (Ib). Apart from minor differences involving partially occupied solvent water sites (see below), the two crystal structures are mirror images. Corresponding bond distances and angles agree well and fully support the formulations in the ®rst scheme. The ®nal difference maps are featureless. The X-ray analyses therefore indicate that the samples are optically pure. As we have recently observed in the case of a fenchone derivative (Fraile et al., 2003) , crystallization in a space group such as P4 1 2 1 2, which has only pure rotational symmetry, is not in itself a guarantee of optical purity.
In both (IIa) and (IIb), there are sites on diad axes thought to be partially occupied by water O atoms. The associated H atoms were not located. In (IIa), there is one such site; its contacts [O1WÁ Á ÁH10B = 2.27 A Ê and O1WÁ Á ÁO3(À 
Experimental
The optically pure tiglic amides (I) were synthesized in high yield according to published procedures (Oppolzer et al., 1988 , and references therein) and recrystallized from methanol. The ene reactions were performed in dry CH 2 Cl 2 at room temperature. After 24 h, the original pink colour of the solution had disappeared. The solvent was removed, ®rst in a rotary evaporator and then with a high vacuum pump. The remaining material was chromatographed on an SiO 2 column (eluant: EtOAc/n-hexane, 1/3 v/v). The 1 H NMR spectra of the product showed a diastereomeric ratio of ca 95:5 (the same ratio was observed when PhTAD was the enophile). After fractional recrystallization of the crude mixture, it was evident from the 1 H NMR spectra that only the major diastereomer (II) had been isolated. The pure stereoisomers (II) were characterized by 1 H NMR, 13 C NMR and FT±IR spectroscopy, elemental analysis, and ESI and FAB mass spectrometry. Their optical rotations were also measured; each pair of enantiomeric products showed rotations of nearly identical magnitudes but of opposite signs. For (IIa), 100 mg of (Ia) gave (IIa) in 60% yield (83 mg) after crystallization (EtOAc/ n-hexane), [] D = À133.8 (c = 0.12, CH 2 Cl 2 , 290 K). FT±IR (KBr, cm À1 ): # 3245. 1, 2988.4, 1774.4, 1710.3, 1686.0, 1467.3, 1420.8, 1340.4, 1321.1, 1288.7, 1130.6, 973.6, 771.5, 536.6 19.8, 21.4, 25.2, 26.2, 33.2, 38.3, 45.2, 47.7, 48.0, 52.4, 53.6, 66.1, 127.8, 141.1, 155.1, 155.7, 168.4 Figure 1 The structures of MeTAD adducts (a) (IIa) and (b) (IIb). The X-ray experiment indicates that the respective con®gurations at C1, C4, C6 and C14 are SRRR in (IIa) and RSSS in (IIb). Hydrogen bonds are indicated by broken lines and 20% probability displacement ellipsoids are shown. All C-and N-bonded H atoms were located unambiguously in difference maps. In the ®nal re®nement, the positions of C-bonded H atoms were determined by HFIX instructions in SHELXL97 (Sheldrick, 1997); they were then treated as riding on their parent atoms, with CÐH distances of 0.95 ( CH 2 ), 0.98 (CH 3 ), 0.99 (CH 2 ) or 1.00 A Ê (CH), and U iso (H) values of 1.5 (methyl) or 1.2 times U eq (C). Apart from one CH 3 group in (IIb), an orientation parameter was re®ned for each methyl group. The H atom bonded to atom N3 was freely re®ned. The disordered water H atoms were neither located nor included in the calculations.
For both compounds, data collection: COLLECT (Nonius, 2000); cell re®nement: SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: DENZO (Otwinowski & Minor, 1997) and SCALEPACK; program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3 (Farrugia, 1997) ; software used to prepare material for publication: WinGX (Farrugia, 1999) . 
